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CENTRAL RADIO COORDINATION MAP

FIELD

The present disclosure generally relates to mobile com-
munication devices, such as mobile cell phones, and meth-
ods of their operation. The methods relate to operation of
such mobile communication devices in cellular networks.

BACKGROUND

Mobile electronic devices are commonplace 1n today’s
society. Example mobile electronic devices include mobile
phones, tablet computers, laptop computers, electronic
watches, and other types of mobile electronic devices.
Mobile electronic devices may be equipped to form a
physical or wired communication link to other electronic
devices, either fixed or mobile. Mobile electronic devices
may also be equipped with internal equipment or compo-
nents that allow the mobile electronic devices to communi-
cate using radio or other wireless technologies with other
similarly equipped electronic devices, with cellular net-
works operated by telecommunication providers, with web
servers, or with devices connected to various other types of
networks. Herein, such equipped mobile electronic devices
will be referred to as mobile telecommunication devices.
Communications with or between such mobile telecommu-
nication devices may be carried over a variety of wireless
networks, using a variety of technologies.

Examples of wireless technologies include WiFi1 and
WiMax, cellular telecommunication network technologies,
and others. Mobile telecommunication devices may be
equipped to connect wirelessly to cellular telecommunica-
tion networks operated by telecommunication providers. In
one application, a cellular telecommunication network may
provide a mobile telecommunication device with a telecom-
munication link to another electronic communication
device, either mobile or fixed, such as for voice communi-
cation between respective users. In another application, a
cellular telecommunication network may provide a mobile
telecommunication device with a telecommunication link to
access the internet, such as for data transfer.

Cellular communication networks may operate using
multiple base station transceivers to provide respective
wireless telecommunication links with multiple mobile tele-
communication devices over an extended geographical area.
A base station transceiver may establish and maintain wired
or satellite communication links with core, circuit-switched,
or packet-switched networks. A set of one or more base
station transceivers (e.g., three base station transceivers)
mounted on a tower and positioned to provide radio access
for mobile telecommunication devices within an angular
extent about the tower (and 1n some cases, within an angular
extent of 360° about the tower) may define a cell of a radio
access network. When a cell 1s defined by multiple base
station transceivers, each base station transceiver within the
cell may define a sector of the cell. Alternatively, each sector
may be considered a cell. As a mobile telecommunication
device moves from one cell to another cell, the mobile
telecommunication device’s network connection(s) may be
transierred (e.g., handed off) from a base station transceiver
in one cell to a base station transceiver i another cell.

Technological advances have created multiple genera-
tions ol cellular telecommunication technologies. For
example, “3G” technologies (e.g., CDMA2000, UMTS/
EDGE) for cellular networks make use of packet-switching
for data transmission and circuit switching for voice com-
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munications. Subsequent “4G” network technologies (e.g.,
L'TE) may use just packet switching for voice and data. More

recently, “3G” networks, using smaller cell topographies,
are emerging. Unfortunately, not all of the various technolo-
gies are mnteroperable. As a result, cell phone handsets may
be made using multiple transceivers. To connect with cel-
lular towers (or other cellular network antennae technolo-
gies), a cellphone handset’s transceirvers may send out
beacon signals 1n order to determine availability of service
for 1ts respective technology. For a cell phone handset
including multiple transceivers, such beacon signaling may
contribute to reducing battery charge at a rate unacceptable
to consumers.

SUMMARY

This summary 1s provided to introduce a selection of
concepts, 1 simplified form, that are further described 1n
other sections. This summary 1s not intended to 1dentily key
features or essential features of the claimed subject matter,
nor 1s it mtended to be used as an aid in determining the
scope of the claimed subject matter.

The present disclosure 1s directed to mobile telecommu-
nication devices, and methods of their operation, that con-
nect with cellular telecommunication networks. Some
examples of such mobile telecommunication devices
(MTDs) include cellphone handsets, smart watches, laptop
computers, wearable radio communication health monitors,
and others.

More specifically, described herein 1s a method of opera-
tion of a mobile telecommunication device (MTD) within a
cellular telecommunication network. The method includes
obtaining, by the M'TD, a current location of the MTD. The
MTD may then access a record of wireless communication
services, and, based on the record, select a wireless com-
munication service that 1s available 1 a local area of its
current location. The MTD may then activate a wireless
transceiver configured to operate with the selected wireless
communication service. The MTD may use the activated
wireless transceiver to establish a telecommunication link
via the wireless communication service between the MTD
and the cellular telecommunication network.

The MTD may obtain its current location by using a
Global Positioning System receiver. The record of wireless
communication services may be stored on the MTD, and
may provide a listing of wireless communication services
available 1n the local area of the MTD. The MTD may use
the established telecommunication link to access a storage
site separate from the MTD, obtain an updated record of
wireless communication services from the storage site, and
store the updated record of wireless communication services
on the MTD.

The MTD may include a second wireless transceiver, and
may 1dentily, based on the record of wireless communication
services, a second wireless communication service within
the local area of the current location of the MTD. The MTD
may activate a second wireless transceiver of the MTD
configured to operate with the second wireless communica-
tion service. Using the second wireless transceiver, the MTD
may establish a second telecommunication link on the
second wireless communication service between the MTD
and the cellular telecommunication network.

The method of operation may also include monitoring
movement of the MTD, and determining that the MTD has
moved from the local area 1nto an alternate area. The MTD
may 1dentily a second wireless communication service
avallable 1n the alternate area, activate a second wireless
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transceiver, and use the second wireless transceiver to
establish a second telecommunication link via the second
wireless communication service between the MTD and the
cellular telecommunication network.

The MTD may determine that the MTD has moved mto 5
a second alternate area. The MTD may determine, based on
the record, that the second wireless communication service
1s not available 1n the second alternate area, and deactivate
the second wireless transceiver on the MTD. Alternatively,
the MTD may continue to operate the second wireless 10
transceiver using beacon signaling to determine 1f or when
the second wireless communication service becomes avail-
able. The MTD may update 1ts record of wireless commu-
nication services accordingly.

Also described 1s an electronic device that includes a 15
wireless transceiver configured to operate with at least one
wireless communication service, a processor communica-
tively linked to the wireless transceiver, and a non-transitory
storage medium communicatively linked with the processor.
The storage medium may store a record of wireless com- 20
munication services and instructions which, when executed
by the processor, cause the processor to implement all or
parts of the method of operation just described or now to be
described. The electronic device may include a Global
Positioning System to obtain a current location of the 25
clectronic device. The record of wireless communication
services may be stored in the non-transitory storage
medium.

The electronic device may include a second wireless
transceiver that may be used to establish a second telecom- 30
munication link on a second wireless communication service
between the electronic device and the cellular telecommu-
nication network using the second wireless transceiver. The

clectronic device may monitor 1ts movement, and activate
the second wireless transceiver when the electronic device 35
has moved into an alternate area 1n which the second
wireless communication service 1s available to establish the
second telecommunication link.

The electronic device may determine that the electronic
device has moved into a second alternate area, determine 40
that the second wireless communication service 1s not avail-
able 1n the second alternate area by accessing the record of
wireless communication services, and deactivate the second
wireless transceiver.

Also disclosed 1s a method of operating a mobile tele- 45
communication device (M'TD) that includes a first wireless
transceiver and a second wireless transcerver. The method
may include activating the first wireless transceiver and
using the activated {first wireless transceiver to establish a
first telecommunication link via a first wireless communi- 50
cation service between the MTD and a cellular telecommu-
nication network. The method may include obtaining a
current location of the MTD, and identifying a second
wireless communication service available 1n a local area of
the current location. The method may include activating the 55
second wireless transceiver and establishing a second tele-
communication link on the second wireless communication
service between the MTD and the cellular telecommunica-
tion network using the activated second wireless transceiver.

The current location of the MTD may be obtained using 60
a signal from the cellular telecommunication network on the
first telecommunication link. Identifying a second wireless
communication service available in a local area of the
current location may include accessing a record of wireless
communication services obtained using a signal from the 65
cellular telecommunication network on the first telecommu-
nication link. The record of wireless communication ser-
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vices may provide a listing of wireless communication
services available in the local area of the MTD.

The method may include monitoring movement of the
MTD, determining that the MTD has moved from the local
areca into an alternate area, determiming that the second
wireless communication service 1s not available in the

alternate area, and deactivating the second wireless trans-
ceiver on the MTD.

BRIEF DESCRIPTION OF TH.

(Ll

DRAWINGS

The disclosure will be readily understood by the follow-
ing detailed description 1n conjunction with the accompa-
nying drawings, wherein like reference numerals designate
like structural elements.

FIG. 1A illustrates a first example of a mobile telecom-
munication device.

FIG. 1B illustrates a second example of a mobile tele-
communication device.

FIG. 2 shows a block diagram of components of a mobile
telecommunication device, according to an embodiment.

FIG. 3 illustrates cell patterns of two wireless communi-
cation services, according to an embodiment.

FIG. 4 1s a tlow chart of a method of operation of a mobile
telecommunication device, according to an embodiment.

FIG. § 1s a flow chart of a method of location-based
operation of a mobile telecommunication device, according
to an embodiment.

FIG. 6 1s a flow chart of a further method of location-
based operation of a mobile telecommunication device,
according to an embodiment.

FIG. 7 1s a tlow chart of a method of operation of a mobile
telecommunication device, according to an embodiment.

FIG. 8 1s a flow chart of another method of operation of
a mobile telecommunication device, according to an
embodiment.

The use of cross-hatching or shading in the accompanying
figures 1s generally provided to clanity the boundaries
between adjacent elements and also to facilitate legibility of
the figures. Accordingly, neither the presence nor the
absence ol cross-hatching or shading conveys or indicates
any preference or requirement for particular materials, mate-
rial properties, element proportions, element dimensions,
commonalities of similarly 1llustrated elements, or any other
characteristic, attribute, or property for any element 1llus-
trated in the accompanying figures.

Additionally, 1t should be understood that the proportions
and dimensions (either relative or absolute) of the various
features and elements (and collections and groupings
thereof) and the boundaries, separations, and positional
relationships presented therebetween, are provided in the
accompanying figures merely to facilitate an understanding
of the various embodiments described herein and, accord-
ingly, may not necessarily be presented or illustrated to
scale, and are not intended to indicate any preference or

requirement for an illustrated embodiment to the exclusion
of embodiments described with reference thereto.

DETAILED DESCRIPTION

Retference will now be made in detail to representative
embodiments illustrated 1n the accompanying drawings. It
should be understood that the following description 1s not
intended to limit the embodiments to one preferred embodi-
ment. To the contrary, 1t 1s mtended to cover alternatives,
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modifications, and equivalents as can be included within the
spirit and scope of the described embodiments as defined by
the appended claims.

Various embodiments described herein are directed to

mobile telecommunication devices (M1Ds) and methods of 53

theirr operation as part of a cellular telecommunication
network. Examples of MTDs include mobile phones, elec-
tronic watches, tablet computers, laptop computers, and
other types of devices that are capable of wireless commu-
nications with a cellular telecommunication network. The
cellular telecommunication network may operate to provide
telecommunication services to MTDs. Examples of such
services include voice, data, video, radio, television, and
other communications sent wirelessly to the MTDs. The
cellular telecommunication network may further communi-
cate with the internet or other networks, either through
physical or wired connections, or wirelessly using electro-
magnetic radiation (e.g., radio frequency (RF) electromag-
netic radiation).

The cellular telecommunication network may use one or
more various wireless transmission and reception technolo-
gies, referred to heremn as “wireless communication ser-
vices,” as part of a telecommunication link with an MTD.
Examples of such transmission and reception technologies
include older 2G and 3G technologies (such as GSM,
UMTS, CDMAZ200), more recent technologies such as 4G
systems (such as LTE based systems, and the like), and vet
more recent 5G systems. Such wireless communication
services may not be interoperable, due to different frequency
bands used and diflerent radio signaling formats (such as
orthogonal frequency division multiple access (OFDMA)
versus code division multiple access (CDMA) and related
spread-spectrum technologies). Further, the various wireless
communication services may have diflerent power usages.
As a result, some MTDs may include multiple wireless
transceivers so that a user’s MTD may make use of a more
widely deployed but less recent cellular wireless communi-
cation service while still being able to make use of a newer
but less widely deployed but more capable cellular wireless
communication service.

For an MTD to be able to move or “roam™ between the
individual cells of a cellular telecommunication network, the
wireless transceivers must be powered and active to make
and switch connections with base station transceivers of the
cellular telecommunication network. The wireless transce1v-
ers may attempt to make such connections by regularly
transmitting “ping’ or “beacon” signals that may cause a
base station’s transceiver to become aware of the presence
of the MTD, and to mitiate methods or protocols to establish
the connection to the cellular telecommunication network.
But maintaining activation of multiple wireless transceivers
may unacceptably reduce available charge on a battery of an
MTD. A further drain on a battery may occur if a wireless
transceiver 1s maintained 1n 1ts activated state (e.g., at full
power usage for reception and transmission) 1n a location in
which there 1s no coverage by the wireless communication
service with which 1t 1s configured to operate. However, a
wireless transceiver may need to stay activated in order to
establish a telecommunication link with its wireless com-
munication service as soon as the MTD moves into a
location where the wireless communication service 1s avail-
able.

Power usage could be reduced if methods were available
to turn ofl or reduce power usage by a wireless transceiver
of the MTD 1n locations 1n which 1ts corresponding wireless
communication service 1s not available, or when the MTD
would find 1t more advantageous to use an alternate wireless
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communication service to establish a telecommunication
link. Such methods would, however, need to be able to
reactivate a wireless transceiver when its corresponding
wireless communication service again becomes available or
desired.

Embodiments are described herein for methods and
devices that may so activate and deactivate wireless trans-
ceivers according to the availability of corresponding wire-
less communication services. One aspect for such methods
and devices involves obtaiming a current location of the
MTD and accessing a record of wireless communication
services available 1n a local area about that current location,
and accordingly activating a wireless transceiver only 11 1ts
corresponding wireless communication service 1s one of the
listed as available 1n the local area.

The current location may be obtained, 1n one embodi-
ment, by first activating a GPS receiver, which may use less
power than an activated wireless transceiver, and obtaiming
the location of the MTD. The MTD may then access a record
of wireless communication services available in the local
area that 1s stored 1n a memory of the MTD, and activate a
wireless transceiver for an available wireless communica-
tion service. The MTD may use the activated wireless
transceiver to establish a telecommunication link via the
wireless communication service between the MTD and the
cellular telecommunication network.

The MTD may also monitor 1ts movements to detect entry
from the local area to an alternate area, such as during
roaming. The MTD may then access the record of wireless
communication services to determine a revised listing of
available wireless communication services for the alternate
areca. The MTD may then activate additional or alternative
wireless transceivers as needed, and may deactivate a wire-
less transceiver for which there 1s no corresponding wireless
communication service in the alternate area. The MTD may
maintain one or more wireless transceivers operating 1n a
beacon signaling mode to determine which wireless com-
munication services are, or are not, available in the areas into
which the MTD moves. These determinations can be used
by the MTD to update 1ts record of wireless communication
services. The updated record may also be transmitted to a
cellular telecommunication network for the cellular tele-
communication network to use to update 1ts own record of
wireless communication services.

In another method, the MTD may first activate one
wireless transcerver configured to operate with a first wire-
less communication service that 1s known to be available, or
likely to be available. Such a wireless transceiver may use
less power than others on the MTD. The MTD may then be
able to establish a first telecommunication link with the
cellular telecommunication network via the first wireless
communication service. The current location of the MTD
may then be obtained from information provided by the
cellular telecommunication network. The MTD may then
use the current location and the record of wireless commu-
nication services to select one or more wireless transceivers
to activate to establish additional or alternative telecommu-
nication links to the cellular telecommunication network.

These and other embodiments are discussed in further
detail below with reference to FIGS. 1A-8. However, those
skilled 1n the art will readily appreciate that the detailed
description given herein with respect to these figures 1s for
explanatory purposes only and should not be construed as
limiting.

FIG. 1A 1llustrates a first example of a mobile telecom-
munication device, the mobile phone 100, that may use the
methods of operation described below. The mobile phone
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100 includes a housing 102 that contains the needed elec-
tronic components, such as one or more processors, memory
(which may use either or both of non-volatile or volatile
storage media), one or more radio recervers, transmitters, or
transceivers, and other components. The mobile phone 100
also includes a display 106 on which images, 1cons for
providing mputs and 1nmitiating programs, and other types of
information may be presented to a user.

The housing 102 may have antennae sections 104a-b that
provide reception and/or transmission capability for the one
or more radio receivers, transmitters, or transceivers. The
antennae sections 104a-b may be electrically separated from
the housing. The various types of configurations for the
housing 102 and the antennae sections 104a-b will be known
to one skilled 1n the art.

The mobile phone 100 may include multiple radio receiv-
ers, transmitters, or transceivers to enable access to various
wireless communication services, not all of which may be
available 1n certain locations. As an example, the mobile
phone may include a Global Positioning System (GPS)
receiver system to obtain a current accurate location. Such
a GPS recerver would not be configured for transmission. In
contrast, the mobile phone 100 may also include at least one
antennae and transceiver subsystem configured to both
transmit and receive using a particular cellular telecommu-
nication technology, hereinafter a “wireless communication
service,” such as a 2G or 3G system (e.g., GSM, UMTS, or
CDMAZ2000), a 4G system (e.g., LTE, LTE Advanced, and
the like), a 5G system (5G new radio), or other cellular
telecommunication technology. Because the various wire-
less communication services may not be compatible, or for
greater elliciencies 1 implemented separately, the mobile
phone 100 may include multiple antennae and transceiver
subsystems.

FIG. 1B 1illustrates a second example of a mobile tele-
communication device, the smart watch 110, that may use
the methods of operation described below. The smart watch
110 may include a housing 112 that contains its various
internal components and subsystems such as one or more
processors, memory (either or both of non-volatile or vola-
tile), one or more radio receivers, transmitters, or transceiv-
ers, and other components. The smart watch 110 may
include a display 116 on which 1mages, 1cons for providing
inputs and 1nitiating programs, and other types of informa-
tion may be presented to a user. The display 116 may form
a section of the housing 112, or be sealed into the housing
112.

The housing 112 may have antennae sections 114a-b that
provide reception and/or transmission capability for one or
more radio receirvers, transmitters, or transceivers. The
antennae sections 114a-b may be electrically separated from
the housing. The various types ol configurations for the
housing 112 and the antennae sections 114a-b will be known
to one skilled 1n the art.

The smart watch 110 may include multiple transceivers
configured to operate with one or more wireless communi-
cation services, as described above for the mobile phone
100.

The two examples of mobile telecommunication devices
described 1n FIGS. 1A-B are exemplary; other mobile tele-
communication devices, such as those previously stated,
may use the methods of operation described below. For
simplicity of explanation, heremnatter “transcerver” will refer
to a system capable of recerving an electromagnetically
transmitted signal, transmitting such a signal, or both. In
such a system configured for both receirving and transmit-
ting, the receiver and transmitter sections may either be
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implemented together as a combined unit, or may be 1imple-
mented as separate subsystems. When needed for clarity, a
system configured for only one of reception or transmission
will be so described. Further, a transceiver system may be
configured to operate with more than one wireless commu-
nication services.

FIG. 2 illustrates a block diagram 200 of various com-
ponents or subsystems that may be included as part of a
mobile telecommunication device, such as either the mobile
phone 100, the smart watch 110, or another mobile telecom-
munication device. For explanatory purposes, inn FIG. 2, the
block diagram 200 shows the components and subsystems of
the mobile phone 100 of FIG. 1A contained within the
housing 102. The mobile phone 100 i1ncludes a {first trans-
ceiver 202a and a second transceiver 202b. The two trans-
ceivers 202a-b may be configured to operate with difierent
respective wireless communication services. As an example,
transceiver 202a may be configured to operate with a 4G
cellular telecommunication network, whereas transceiver
2026 may be configured to operate with a 5G cellular
telecommunication network. The transceivers 202a-b6 may
include modulators and demodulators to convert electro-
magnetic wave signals received at antennae 104a-b 1nto
baseband signals, and convert baseband signals 1nto trans-
mitted electromagnetic wave signals. The transceivers may
also perform other operations, such as signal filtering, noise
reduction, channel selection, and the like.

The processor 204 1s communicatively linked with the
two transceivers 202a-b. The processor 204 may serve to
control the transceivers to receive and transmit electromag-
netic signals to and from a cellular telecommunication
network using a selected wireless communication service.
The processor 204 may include multiple computational and
processing components, such as microprocessors, FPGAs,
signal processors and generators, and the like. The processor
may be implemented as a single itegrated circuit, such as
an application specific integrated circuit, or as multiple
integrated circuits.

The processor 204 may be connected to a memory 206,
which may be implemented with a volatile storage medium
(such as dynamic RAM) or non-volatile storage medium,
either magnetic or semiconductor based (such as disk, ROM,
static RAM, and the like). A non-transitory, non-volatile part
of the memory 206 may store instructions that, when
executed by the processor 204, cause the processor 204 to
control either or both of the transceivers 202a-b according to
any of the methods described below.

The battery 208 may be connected to the memory 206, the
processor 204, and the transceivers 202a-6 to provide the
needed electrical power for their respective operations. The
battery 208 may be implemented using lithium ion or
another battery technology.

FIG. 3 illustrates a partial arrangement 300 of cells of a
cellular telecommunication network 1n geographical area.
One skilled 1n the art will recognize that a cellular telecom-
munication network may provide a large number of cells
over a wide geographical arca. While the cells shown are
hexagonal, the cellular telecommunication network may use
cells of other configurations. The shown partial arrangement
300 1s for explanatory purposes only and should not be
construed as limiting.

The partial arrangement 300 includes two sizes of cells,
corresponding to respective wireless communication ser-
vices. For example, the larger cells, such as cells 3024 and
3025 may represent cells of a 4G wireless communication
service. The cells 302q-6 may provide service through
respective base stations 304a and 3045. The base stations
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may be located either on a boundary of a cell to provide
directional coverage, as for base station 304a 1n cell 302aq,
or centrally to provide ommnidirectional coverage, as for base
station 3045 1n cell 3025.

The smaller network cells 306a-r» may, for example, be
part of a 5G wireless communication service, such as may
provide local high data rate services for a plaza or downtown
area. As noted previously, cells of a 5G wireless communi-
cation service are oiten smaller than cells of a 4G or earlier
generation wireless communication service. In the exem-
plary partial arrangement 300, several such 5G cells may be
needed to cover the area of a single 4G cell.

As noted previously, different wireless communication
services may require diflerent transceivers due to different
frequency bands used and different signaling methods. To
initiate or maintain a telecommunication link, a mobile
phone or other MTD may activate a wireless transceiver to
receive an electromagnetic signal from, or broadcast such a

signal to, a base station of a cell. Such activation can cause
an undesirable drain on a battery of the MTD if the MTD 1s

not 1n a cell providing the wireless communication service
with which the wireless transceiver can operate. For those
MTDs 1ncorporating multiple wireless transceivers, there
can be an even greater drain on the battery if the wireless
transmitters are activated to transmit or receive signals
intended to determine 1f a wireless communication service 1s
available. Such 1ssues are addressed by the methods
described below.

FIG. 4 1s a flow chart of a method 400 of operating a
mobile telecommunication device (MTD). One goal of the
method 400 1s to reduce power consumption of 1ts wireless
transmitters by determining availability of wireless commu-
nication service belore activation of a wireless transceiver.

At block 402, the MTD obtains its current location. The
MTD may do so, for example, as part of being turned on,
alter a loss of any or all telecommunication links, periodi-
cally after quiescent operation, or the like. The position may
be obtained using one or more of various methods. A first
method of obtaining the location includes activating a
Global Positioning System receiver of the MTD before
activating a wireless transceiver configured to operate with
a wireless communication service. Using a GPS receiver to
obtain the location may use less power than activating a
wireless transceiver to search for an available wireless
communication service, which may require both signal
reception and transmission by the wireless transceiver.

An additional and/or alternative method of obtaining the
location that the MTD may use 1s to activate a first wireless
transceiver configured to operate at lower power with a first
wireless communication service than a second wireless
transceiver, and obtain a location from the first wireless
communication service. For example, an MTD incorporat-
ing both a 4G wireless transceiver and a 535G wireless
transceiver may imtially activate only the 4G wireless
transceiver, such as in a receirve-only mode, to attempt to
obtain 1ts current location.

At block 404, using the obtained current location, the
MTD may access a record of wireless communication
services (or simply “record”). The record of wireless com-
munication services may be stored on the MTD 1tself, such
as 1n a memory that 1s accessed by a processor implementing
or coordinating the method 400. Accessing the record may
be mmplemented using an Application Program Interface
running on the processor. An alternate method of accessing,
a record of wireless communication services will be
described below with respect to FIGS. 7-8.
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The record of wireless communication services may,
using the obtained current location, provide (such as to the
processor) a listing of wireless communication services
available 1n a local area of the current location. The local
arca may range 1n size from a single cell of an available
wireless communication service to a region (e.g., city,
county, or even state). A small local area may allow the
processor to determine only wireless communication ser-
vices that are immediately available to the MTD, whereas a

larger local area may allow the processor to plan for move-
ment of the MTD. The size of the local area may be variable
and provided as part of accessing the record. The listing of
wireless communication services available 1n the local area
may include identifiers of one or more cells of available
wireless communication services that can link with a wire-

less transceiver of the MTD, and may include other infor-
mation.

At block 406, the M'TD uses the information 1n the listing
of wireless communication services available 1n a local area
to select one or more of the available wireless communica-
tion services with which to establish a telecommunication
link to a cellular telecommunication network providing the
wireless communication service. The MTD may then acti-
vate the corresponding one or more wireless transceivers
and establish the telecommunication link.

As an example, the accessed record may list that only a
4G service 1s available 1n a local area, such as a few miles
around the current location of the MTD. In this case, the
MTD could activate only a wireless transceiver for the 4G
service while keeping quiescent (or ofl) a separate wireless
transceiver configured to connect to a 5G service.

FIG. 5 1s a flow chart of a method 500 of operating an
MTD similar to the method 400.

At block 502, the MTD begins connection operations.
This may occur as the MTD 1s turned on, 1s brought out of
a quiescent state, when the MTD has lost a previously active
telecommunication link, or the like. To conserve battery
power, the MTD may keep or put one or more wireless
transceivers 1n an oil or quiescent state.

At block 504, the MTD (or the processor implementing or
coordinating the method 500) may obtain 1ts current location
using a GPS receiwver. Another method of obtaiming the
current location may also be used.

At block 506, a record of wireless communication ser-
vices available 1n a local area of the obtained current
location 1s accessed. The record may be stored 1n a memory,
such as a non-volatile or non-transitory memory, of the
MTD. As described previously, the local area may vary 1n
s1ze, and may be provided by the MTD as part of accessing
the record. The record may provide a listing of wireless
communication services available in the local area.

At block 508, the MTD may select at least one available
wireless communication service with which to establish a
telecommunication link to a cellular telecommunication
network providing the wireless communication service. As
an example, if the listing states that both 4G and 5G wireless
communication services are available in the local area, the
MTD may select both, in order to have rapid voice and data
transmissions to and from the cellular telecommunication
network.

At block 510, the MTD may activate the one or more
wireless transceivers for the selected wireless communica-
tion services.

At block 512, one or more telecommunication links are
established with the cellular telecommunication network
using the activated wireless transceivers.
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In additional and/or alternative methods, the MTD may
determine that the record of wireless communication ser-
vices stored 1n i1ts memory 1s not up to date. This may be
determined by the MTD accessing, over a telecommunica-
tion link, a website provided by the cellular telecommuni-
cation network, or by another process. The MTD may then
download and store an updated record. Such an updating
operation may be performed automatically, such as at regu-
lar intervals or when signaled by the cellular telecommuni-
cation network, or by a user input command to the MTD. For
example, belore traveling to a distant state, a user of the
MTD may cause the MTD to download a record of wireless

communication services available throughout the state.
FIG. 6 1s a flow chart of a method 600 that extends the

method 500 of FIG. 5. Alternatively, the method 600 may be
used separately. The method 600 describes operations that
may be used by an MTD after a first telecommunication link
between the MTD and a cellular telecommunication network
has been established, and an initial location or local area of
the MTD has been determined.

At block 602, movement of the MTD 1s monitored. This
may be performed using an activated GPS receiver, an
accelerometer, signals received over the first telecommuni-
cation link, or other methods.

At block 604, a determination 1s made that the MTD has
moved from an 1nitial local area or cell into an alternate local
arca. The alternate local area may be an adjoining cell, or a
larger area. Various possibilities for the first telecommuni-
cation link of the MTD may occur. The MTD may be able
to continue using the first telecommunication link, as the
corresponding wireless communication service 1s still avail-
able 1n the alternate local area (such as 1n a hand off between
base stations of cells). The first telecommunication link may
continue to be available and a second wireless communica-
tion service may be determined to be operating in the
alternate local area.

At block 606, the MTD may 1dentily a second wireless
communication service that 1s available in the alternate local
area. The 1dentification may be performed by accessing the
record of wireless communication services or by a signal
received over the operating first telecommunication link, or
by another method.

The activation of the second wireless transceiver may be
performed by the MTD even without having already 1den-
tified a second wireless communication service available in
the alternate local area. Any activation of a wireless trans-
ceiver may include having the wireless transceiver transmuit
an 1nitial short message using a wireless communication
service for which 1t 1s configured, to elicit a response from
the cellular telecommunication network, such as from a base
station transceiver. Transmission of such an initial short
message to elicit a response will be referred to herein as
“pinging,” “beacon signaling” or just “beaconing.” The
reply response from the cellular telecommunication network
may transmit information to the MTD, such as information
regarding the availability of the second wireless communi-
cation service in the alternate local area. Beaconing may be
performed “blind” by a wireless transceiver at a periodic
time 1nterval without the MTD having determined the avail-
ability of a wireless communication service with which the
wireless transceiver may be configured to operate. 11 there 1s
no recerved response from the cellular telecommunication
network, the wireless transceiver may enter a quiescent or
ofl state.

Alternatively, one or both of the wireless transceivers may
be continue 1n operation and use beacon signaling to deter-
mine 1if a wireless communication service 1s or becomes

10

15

20

25

30

35

40

45

50

55

60

65

12

available 1n the alternate local area or in a subsequent local
area. In either case, the MTD may use the determination of
available wireless communication services to update its
stored record of available wireless communication services.
In this way the MTD can ‘learn’ a map or record of wireless
communication services. The MTD may also transmit such
an updated record to the cellular telecommunication network
so that the cellular telecommunication network can update a
centrally stored record of wireless communication services,

such as for transmission to other users’ MT1Ds.
At block 608, the MTD may, based on the 1dentification

of the second wireless communication service available 1n
the alternate local area, activate a second wireless trans-
ceiver configured to operate with the second wireless com-

munication service.

At block 610, the MTD may establish a second telecom-
munication link on the second wireless communication
service between the MTD and the cellular telecommunica-
tion network using the activated second wireless transceiver.

As an example of how method 600 may be used, an MTD
may be originally located 1n the cell 302a of FIG. 3, which
may be part of a 4G cellular telecommunication network,
and may establish a first 4G telecommunication link to that
4G network. The MTD may move 1nto the area covered by
the 5G network cells 306a-» while maintaining the 4G link
(such as by hand ofls between base stations of the 4G cells).
The MTD may then identify (such as by accessing the record
of wireless communication services) that 5G service 1s now
available. The MTD may now activate its 5G wireless
transcerver to establish a 5G telecommunication link to the
cellular telecommunication network. The MTD may either
maintain the original 4G telecommunication link to obtain
increased voice or data rates, or may deactivate 1t to rely
solely on the 5G telecommunication link to save battery
power.

FIG. 7 1s a flow chart of a method 700 of operating an
MTD that extends the method 500 of FIG. 5. Alternatively,
the method 700 may be used separately. The method 700
includes operations that may be used by an MTD that
undergoes movement.

At block 702, the MTD establishes a first telecommuni-
cation link with a first wireless communication service
between the MTD and a cellular telecommunication net-
work. The link may be established as in method 500 by
obtaining a first location of the MTD, accessing a record of
wireless communication services available 1n a first local
area of the first location, activating a first wireless trans-
ce1ver for an available first wireless communication service,
and establishing the first telecommunication link using the
activated first wireless transceiver.

At block 704, movement of the MTD may be monitored
and movement of the MTD from the first local area 1is
detected. The MTD may detect 1ts movement using a GPS
receiver system, a signal received over the first telecommu-
nication link, or by another method.

At block 706, the MTD may determine that 1ts movement
1s toward or 1nto a second local area. By determining motion
toward the second local area, an MTD may activate or
“warm up” a second wireless transceiver and/or other com-
ponents 1n anticipation or preparation for entering the sec-
ond local area.

At block 708, the MTD may determine that the first
wireless communication service 1s not available in the
second local area. This determination may be performed by
accessing the record of wireless communication services or
by a signal received over the first telecommunication link.
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At block 710, once the MTD enters the second local area,
the MTD may deactivate the first wireless transceiver to
conserve battery power. At block 712, the M'TD may begin
connection operations, i needed or desired, to establish
another telecommunication link.

FIG. 8 1s a flow chart of a method 800 of operating a
mobile telecommunication device (IMTD). The method 800
may be used by an MTD 1n situations 1n which it 1s known
or likely that a first cellular telecommunication network will
be available 1n a local area of the current location of the
MTD.

At block 802, the MTD activates a first wireless trans-
ceiver configured to operate with a first wireless communi-
cation service. The MTD may perform the activation when
being turned on, or returning from a quiescent state (e.g., a
sleep mode). The MTD may perform the activation using
information about its location prior to being turned ofl or put
into the quiescent state. I that prior information indicates
that a first wireless communication service was available at
the location, the MTD may activate the corresponding first
wireless transceiver for that first wireless communication
service. The MTD may activate only a recerver section of the
first wireless transceiver to conserve battery power while the
receiver section 1s used to detect 11 the first wireless com-
munication service 1s still available. If so, the MTD may
then activate the first wireless transceiver as a whole. This
may obviate the need to activate and use a GPS receiver
iitially to obtain a location of the MTD.

At block 804, in the case that the first wireless commu-
nication service 1s determined to be available, the MTD may
establish a first telecommunication link via the first wireless
communication service between the MTD and the cellular
telecommunication network.

At block 806, using the method 800, the M'TD may obtain
its current location by using the established first telecom-
munication link with the cellular telecommunication net-
work. For example, as part of establishing the first telecom-
munication link, signals received 1rom the cellular
telecommunication network by the first wireless transceiver
may contain mformation regarding a location of the origi-
nating base station, and information regarding a current
location of the M'TD 1tself. The current location of the MTD
may be determined by the cellular telecommunication net-
work using the strength of the first wireless transceiver’s
signal, directional reception used by the base station, or
other methods.

At block 808, the MTD may 1dentily a second wireless
communication service available within a local area of the
MTD. As betore, the MTD may vary in area and be selected
based on factors such as signal strength and type of the first
wireless communication service, a known size or range of a
stored record of wireless communication services that might
be available, and the like. For example, the MTD may
receive information that 1ts current location 1s near an
intersection of three cells of the first wireless communica-
tion service. In order to plan for motion through multiple
cells of the cellular telecommunication network, the method
may choose a large local area 1n which to search for, or
identily, a second wireless communication service.

The method may access a stored record ol wireless
communication services to identity the second wireless
communication service available within the local area of the
MTD. Additionally or alternatively, the MTD may use the
first telecommunication link to the cellular telecommunica-
tion network to access an internet webpage to obtain a listing,
of wireless communication services available within the
local area of the MTD. The listing may 1dentify one or more
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wireless communication services available within the local
areca of the MTD. The MTD may then select at least one
wireless communication service from the listing as the
second wireless communication service to be used. Selec-
tion criteria may include signal strength, potential data rate,
present charge on the battery, or other critena.

At block 810, the MTD may activate a second wireless
transceiver configured to operate using the identified second
wireless communication service. At block 812, the MTD
may establish a second telecommunication link, via the
activated second wireless communication service, between
the MTD and the cellular telecommunication network.

The MTD may then either continue using the first estab-
lished telecommunication link, or deactivate the first wire-
less transceiver to discontinue the first established telecom-
munication link. Continuing to use the first established
telecommunication link can allow for greater data speeds
received at the MTD from the cellular telecommunication
network, whereas switching to using only the second estab-
lished telecommunication link may reduce power usage.

A particular operation or action performed within one of
the methods described 1n relation to FIGS. 4-8 1s not to be
construed as limited only to that respective method, and may
be combined or used as part of any of the other methods.

Other examples and implementations are within the scope
and spirit of the disclosure and appended claims. For
example, features implementing functions may also be
physically located at various positions, including being
distributed such that portions of functions are implemented
at diflerent physical locations. Also, as used herein, includ-
ing 1n the claims, “or” as used 1n a list of items prefaced by
“at least one of” indicates a disjunctive list such that, for
example, a list of “at least one of A, B, or C” means A or B
or C or AB or AC or BC or ABC (1.e., A and B and C).
Further, the term “exemplary” does not mean that the
described example i1s preferred or better than other
examples.

The foregoing description, for purposes ol explanation,
used specific nomenclature to provide a thorough under-
standing of the described embodiments. However, it will be
apparent to one skilled 1n the art that the specific details are
not required in order to practice the described embodiments.
Thus, the foregoing descriptions of the specific embodi-
ments described herein are presented for purposes of 1llus-
tration and description. They are not targeted to be exhaus-
tive or to lmmit the embodiments to the precise forms
disclosed. It will be apparent to one of ordinary skill 1n the
art that many modifications and varnations are possible 1n
view of the above teachings.

What 1s claimed 1s:

1. A method of operating a mobile telecommunication
device (MTD), comprising;

in response to the MTD turning on or returning from a

quiescent state and before activating any wireless trans-

ceiver configured to operate with a terrestrial cellular

wireless communication service, accessing locally

stored 1nformation indicating,

a location of the MTD prior to the MTD turning off or
entering the quiescent state; and

a first terrestrial cellular wireless communication ser-
vice known to be available at the location;

alter accessing the locally stored information and before

activating any other wireless transceiver configured to
operate with a terrestrial cellular wireless communica-
tion service, activating a first wireless transceiver con-
figured to operate with the first terrestrial cellular
wireless communication service:
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using the activated first wireless transceiver to establish a
first telecommunication link wvia the first terrestrial
cellular wireless communication service;

obtaining, by the MTD and via the first telecommunica-
tion link, a current location of the MTD;

accessing a record of wireless communication services;

selecting, based on the record of wireless communication
services, a second terrestrial cellular wireless commu-
nication service available within a local area of the
current location of the MTD:

activating a second wireless transceirver of the MTD
configured to operate with the second terrestrial cellular
wireless communication service; and

using the second wireless transceiver to establish a second
telecommunication link via the second terrestrial cel-
lular wireless communication service.

2. The method of claim 1, wherein:

the record of wireless communication services 1s stored
on the MTD; and

the record of wireless communication services provides a
listing of wireless communication services available 1n
the local area of the MTD.

3. The method of claim 2, turther comprising;:

accessing, using the first telecommunication link or the
second telecommunication link, a storage site separate
from the MTD;

obtaining an updated record of wireless communication
services from the storage site; and

storing the updated record of wireless communication
services on the MTD.

4. The method of claim 1, further comprising;:

identifying, based on the record of wireless communica-
tion services, a third wireless communication service
within the local area of the current location of the
MTD;

activating a third wireless transceiver of the MTD con-
figured to operate with the third wireless communica-
tion service; and

using the third wireless transceiver to establish a third
telecommunication link via the third wireless commu-
nication service.

5. The method of claim 1, comprising:

monitoring movement of the MTD);

determining that the MTD has moved from the local area
into an alternate area:

identifying a third wireless communication service avail-
able 1n the alternate area;

when the third wireless communication service 1s dilfer-
ent from the first terrestrial cellular wireless commu-
nication service and the second terrestrial cellular wire-
less communication service, activating a third wireless
transceiver of the MTD; and

using the third wireless transceiver to establish a third
telecommunication link via the third wireless commu-
nication service.

6. The method of claim 5, wherein activating the third

wireless transceiver of the MTD includes beaconing by the
third wireless transceiver.

7. The method of claim 5, further comprising;:

accessing the record of wireless communication services
to obtain a listing of wireless communication services
avallable 1n the alternate area; wherein:

the record of wireless communication services 1s stored
on the MTD.

8. The method of claim 5, wherein:

the alternate area 1s a first alternate area; and

the method further comprises:
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determining that the MTD has moved from the first
alternate area 1nto a second alternate area;

determining that the third wireless communication ser-

vice 1s not available 1n the second alternate area; and

deactivating the third wireless transceiver on the MTD.

9. The method of claim 1, wherein activating the first

wireless transceiver comprises:

imitially activating a receiver section of the first wireless
transceiver:
detecting the first terrestrial cellular wireless communi-
cation service using the recerver section; and
activating a transmitter section of the first wireless trans-
ceiver after detecting the first terrestrial cellular wire-
less communication service.
10. An electronic device, comprising:
a set of wireless transceivers configured to operate with at
least one wireless communication service:
a processor communicatively linked to the set of wireless
transceivers; and
a non-transitory storage medium communicatively linked
with the processor and storing instructions that, when
executed by the processor, cause the processor to:
in response to the electronic device turning on or
returning from a quiescent state and before activating
any wireless transcerver configured to operate with a
terrestrial cellular wireless communication service,
access locally stored information indicating,
a location of the MTD prior to the MTD turning off
or entering the quiescent state; and
a first terrestrial cellular wireless communication
service known to be available at the location;
after accessing the locally stored information and
belfore activating any other wireless transceiver con-
figured to operate with a terrestrial cellular wireless
communication service, activate a first wireless
transceiver of the set of wireless transceivers, the
first wireless transceiver configured to operate with
the first terrestrial cellular wireless communication
service;
use the activated first wireless transceiver to establish a
first telecommunication link via the first terrestrial
cellular wireless communication service;
obtain a current location of the electronic device via the
first telecommunication link;
access a record of wireless communication services to
obtain a listing of wireless communication services
available within a local area of the current location;
select, based on the record of wireless communication
services, a second terrestrial cellular wireless com-
munication service available within the local area of
the current location;
activate a second wireless transceiver of the set of
wireless transceivers, the second wireless transceiver
configured to operate with the second terrestrial
cellular wireless communication service; and
use the second wireless transceiver to establish a sec-
ond telecommunication link via the second terrestrial

cellular wireless communication service.
11. The electronic device of claim 10, wherein the record

of wireless communication services 1s stored in the non-
transitory storage medium of the electronic device.

12. The electronic device of claim 11, wherein:
the instructions further cause the processor to:
determine, using the listing of wireless communication
services available within the local area, that a third
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wireless communication service 1s available within
the local area ot the current location of the electronic
device;
activate a third wireless transceiver of the set of wire-
less transceivers, the third wireless transceiver con-
figured to operate with the third wireless communi-
cation service; and
use the third wireless transceiver to establish a third
telecommunication link via the third wireless com-
munication service.
13. The electronic device of claim 11, wherein:
the nstructions further cause the processor to:
monitor movement of the electronic device;
determine that the electronic device has moved from

the local area 1into an alternate area;

access the record of wireless communication services
to obtain a listing of wireless commumnication ser-
vices availlable 1n the alternate area;

determine that a third wireless communication service

1s available 1n the alternate area:

activate a third wireless transceiver of the set of wire-

less transceivers, the third wireless transceiver con-
figured to operate with the third wireless communi-
cation service; and

use the activated third wireless transceiver to establish

a third telecommunication link via the third wireless
communication service.
14. The electronic device of claim 13, wherein:
the alternate area 1s a first alternate area; and
the mnstructions further cause the processor to:
determine that the electronic device has moved from
the first alternate area into a second alternate area;
determine that the third wireless communication ser-
vice 1s not available 1n the second alternate area by
accessing the record of wireless communication ser-
vices; and

deactivate the third wireless transceiver on the elec-

tronic device.

15. The method of claam 10, wherein activating the first
wireless transceiver comprises:

initially activating a receiver section of the first wireless

transceiver;
detecting the first terrestrial cellular wireless communi-
cation service using the receiver section; and

activating a transmitter section of the first wireless trans-
ceiver after detecting the first terrestrial cellular wire-
less communication service.

16. A method of operating a mobile telecommunication
device (MTD) including a first wireless transceiver and a
second wireless transceiver, the method comprising:

in response to the MTD turning on or returning from a

quiescent state and before activating any wireless trans-
ceiver configured to operate with a terrestrial cellular
wireless communication service, accessing locally
stored 1nformation indicating,
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a location of the MTD prior to the MTD turning off or
entering the quiescent state; and
a first terrestrial cellular wireless communication ser-
vice known to be available at the location;
alter accessing the locally stored information and before
activating any other wireless transceiver configured to
operate with a terrestrial cellular wireless communica-
tion service, activating the first wireless transceiver, the

first wireless transceiver configured to operate with the
first wireless communication service:

using the activated first wireless transceiver to establish a
first telecommunication link wvia the first terrestrial

cellular wireless communication service;
obtaining, via the first telecommumnication link, a current

location of the MTD;
identifying a second terrestrial cellular wireless commu-
nication service available within a local area of the
current location of the MTD:;
activating the second wireless transceiver; and
establishing a second telecommunication link via the
second terrestrial cellular wireless communication ser-
vice using the activated second wireless transceiver.
17. The method of claim 16, wherein:
identifying the second terrestrial cellular wireless com-
munication service mcludes accessing a record of wire-
less communication services:
the record of wireless communication services 1s obtained
from the first terrestrial cellular telecommunication
network via the first telecommunication link; and
the record of wireless communication services provides a
listing of wireless communication services available 1n
the local area of the current location of the MTD.
18. The method of claim 17, further comprising:
monitoring movement of the MTD);
determining that the MTD has moved from the local area
into an alternate local area;
determining that the second terrestrial cellular wireless
communication service 1s not available in the alternate
local area; and
deactivating the second wireless transceiver on the MTD.
19. The method of claim 16, wherein:
identifying the second terrestrial cellular wireless com-
munication service mcludes accessing a record of wire-
less communication services; and
the method further comprises:
monitoring movement of the MTD;
determining that the MTD has moved from the local
area 1nto an alternate local area:
determining, using beacon signaling from at least one
of the first and second wireless transceivers, which
of the first and second terrestrial cellular wireless
communication services are available 1n the alternate
local area; and
updating the record of wireless communication ser-
vices based on the determination.
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